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@ FLIGHT INVESTIGATION. OF THE PER~~RMANCE AND COOLING
d

1 CHAFWCT$3RISTICS OF AN NACA C COWLING ON THE XP-& AIRPIANE

By J. Ebrd Johnston and Stefam A. Cavallo

SUMMARY

Results are presented of high-speed and cllmb teats of

an NACA C oowllng on the XP-& airplane. These tests

made for comparison with tests of NACA type D cowlings

the same airplane.

were

on

The top speed corresponding to the engine military

power (1000 hp at 1)+,~00f%) was 336 miles per hour; the

addition of’Curtiss narrow-chord propeller cuffs increased

this speed by 1 mile per hour; and the addition of cuffs and

a 24-inch-diameter spinner increased the speed by 3 miles

per hour.

Cooling-air-pressure recovery on the front of the engine

in cllmb, at 40 miles per hour indicated airspeed, averaged

58 percent of airplane Impact pressure with the spinner and

Cuffs, 68 peroent with cuffs only, and 67 percent without

sphner or cuffs. Corresponding pressure recoveries In

full-throttle level flight were 69, 74, and 74 percent. “

The ground cooling with spinner and cuffs was satis-

factory. With cuffs only, spark-plug elbow temperatures .

exceeded their limit by 29° F after cut-off’in the ground run.
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Without oufi’sor spinner, they exoeeded their iimlt by 65° F,

and the oil-in temperature also exceeded lts limit.

INTRODUCTION

The NACA has conducted an extensive flight investigation,

on the XP-k2 airpiane, of’NACA type D cowlings for radial

air-cooled engines. Tests of’a long-nose high-inlet-velocity

cowllng have been reported in reference 1, those of a short-

nose high-inlet-velocity cowling in references 2 and 3, and

cf a short-nose low-inlet-velocity cowling in references 4

aild 5. h order to compare these cowlings with the conven-

tional F(ACA C type now in general use, the flight investiga-

tion was

herein.

The

extended to Include tests of a C cowling, reported

conditions Investigated with the C cowling included:

Test number

17

18 .

19

20

21

22

c

c

c

c

c

c

Airplane condition

cowling with ~-inch spimer and narrow-chord
propeller cuffs - climb

cowling with ~-inch spinner and narrow-chord
propeller cuffs - high speed

cowling with cuffs only

cowling with cuffs only

cowling without spinner

cowling without spinner

- high speed

- cllmb

or cuffs - climb

or cuffs - high speed
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XP-)+2AIRPLANE WITH C COWLING

The XP-@? airplane with its P. &“W. 1830 engine waa
. .... .-~---.,.,..- ..... .., ~.

dbsc-rlbed ~“ reference 2. The C 00W1 external s~pe

(reference 6 ) was obtained by adding a lip to’the D oowling
,

of’references 2, 3, 4, and 5. The internal changes consisted

of removing the cowl Inner liner and the afterbody of the “

spinner which together formed the diffuser sect-iontypical

of the D cowling. A dimensioned drawing of the C cowl

installation is given in figure 1. Figures 2 and ~ “show “

the airplane with the spinner and cuffs; fieures L“and 5,

with cuffs only; and fi6ures 6 and 7, “without spinner or “

Cufrs .

The cuff’sand spinner were manufactured by

Division of the Curtiss-Wr@ht Corporation, and

the.Propeller

were of the

standard design for the 10-foot-diameter Curtiss propeller,

drawing number 512 cc 1.5.

The modified cowl flaps used in the tests of’ references

J, and 5 are shown open In figures 2, 3, and 4.,and closed .ln

figures 6 and ‘7.

TEST APPARATUS

The installation of the test equipment was essentially
,

the same as described In reference 2, with the exception that

the three pressure survey rakes which had beenlnstalled in”

the a~ular diffuser section were moved to a position ~ust .

~orward of the front cylinder-valve push rods at the same

3s
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120° intervals around the en@ne. The left rake may be

seen inside the cowling In f’lgure 7.

PROCEDURE

The procedure followed In making the high-speed and .

climb tests Is described In references 2 and b. Fbr each

condition, the high speed was determined from two flights of

five runs each. The climb tests for each condition consbtad

of one climb at 155 miles per hour ind~cated with the mlxtmme

control in automatic rich, and one at 140 miles per hour

indicated in the full rich setting, in which the altitude

compensate Is b~assed.

The grovnd cooling was checked for

10-minute run at 1400 rpm with the cowl
D

each condttion by a

flaps open and the

propeller In the low-pitch position, followed by a 5.mlnu-$e

idling period. Temperatures were recorded during the mzn.a

and for approxtiately 10 minutes after cut-off.

RESULTS

The data obtained during the higlh-speed level-flighk-

rtis and during the climbs are presented in table.s.1(.a),l~~a

and 2. Time histories of the climbs are shown-h figur- ~

9, and 10.

Analyses of the

figures 11 and 12.

distributions in the

.

high-speed performance are-given in

The observed coollng-alr pre?rsur=.

high-speed and climb conditions ere

shown in figures 13 and 14, and typical cylinder-head and

barrel temperature distributions, in figures 15 through 18.

I
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Time histories of the ground-cooling tests are presented

In figures 19, 20, and 21, . . .

Table 3 gives a comparison of the maximum speeds at

military power and the average cooling-air-pressure

recoveries with all the cowlings tested on the XP-@ airplane.

DISCUSSION

Maximum Speed

. The values of maximum speed and power observed during

the full-throttle level runs with each arrangement tested

are shown on figure 11. The figure also includes the

parameters ()
~~
~ 3, representative of the effective power, and

52.73 (+)$s representative of the airplane cleanness, as”

explained in references 1 and 2. The product OX these two

parameters is the speed of the airplane. The installation

having the highest value of the latter parameter will

evidently have the highest speed

altitude.

It was shown in reference k

at a

that

the “modified cowl flaps in the closed

increase of form drag, resulting In a

given power and

the installation of

position caused an

decrease of approximately
&

two-thirds of’1 percent in the parameter 52.73
(*)

34 This

increase of drag is attributed to air leakage around the

modified flaps and would not”be prese-nt in a well-designed

flap installation. Hence, for comparison with the results

of prevl.ous tests with the original cowl flaps, it ,is desirable
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to Increase by two-thirds OP 1 percmt the values of speed

()

&
and 52.73 ~ 3 observed in the present tests.CDS This

correction of 2 miles per hour, while not shown on figure 11,

has been incorporated in the data plotted on figure 12, .

which presents a comparison of the speeds obtained with the

various cowling arrangements tested on the XP-@ airplane.

Points corresponding to the official performance figures for

similar airplanes with conventional

liquid-cooled (P-@C) Installations

Examination of fi~ure 12 shows

ah-cooled (P-36A) and

are also shown.

that if in each case the

engine had delivered its rated military power (1000 hp at

4,500 ft; * = 1561+), the speeds would have been AS listed

in table 3.

be used for

at the same

along lines

As explained in reference 1, this figure may

comparing the sneeds of various installations

power snd altitude by movement of’the test points

of constant #- to a common value of *. SuchDS

a comparison at the rated military power of the engine

(1000 hp at 14,500 ft ; ~ = 1564) IS presented in table 3

for all the cowling arrangements tested on the XP-@ airplane.

Examination of table 3 shows that the speed with the

C cowling was increased 1 mile per hour by the addition of’

cuffs and 3 miles per hour by the addit!.onof cuffs and a.

spinner. It appears that an improvement in the external-flow

conditions around the cowl nose was obtained by use of the

spinner. The pressure recovery data .listed in table 3 indicate,

I
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thdt the cuf’fs were not loaded In the high-speed condition~

It 1s probable that the cuffs served to streamline the

~ propeller shanks and thus to increase the propulsive ef’ficlency.
s
I It should be noted that the falring material” on the nose

of the C cowling (see figs. 3, 5, and 7) was subjected to

cracking under f’llght vibration. Although the falrlng.was

smooth before each high-speed test, some cracks appeared

during flight. These cracks would cause a

tlon from a lamlnar to a turbulent boundary

consequent speed loss esthated at not over

premature transl-

layer an-da

1 mile per hour.

No correction has been made for this possible source of drag. .

Pressures and Temperatures

The average cooling-air pressures on the front of the

engine In full-power level flight with each arrangement are

listed in table 3. The pressure recovery at high speed

averaged approximately O.TLqc for either case without the

spinner, and 0.69qc with cuffs and spinner. Engine cooling-

air pressure distributions for the three modifications are

shown on figure 13 for the high-speed condition. The values

plotted are the average over 10 runs for each location of

pressure measurement. The pressures noted on the exhaust ,

side of the barrel of cylinder 3 may

because points of measurement lay in

iz~ltti-ble.contit and next to a
/./ “

be expected

the wake of

hole in the

to be low

a large

baffling. .

.

..
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The pressures as shown In f’lgure 13

uniforn, but they are, in general, lower

are reasonably

than would be

expected from an open-nose cowling. The low inlet velocity

h either case without the spinner would preclude any but

negligible losses from the cowl entrance to the front of the

engine. With the spinner, the inlet veloclty ratio is esti-

mated at very nearly 0.25, so tnat the q at inlet would be

o.06qc. An assumption that 90 percent of t~le inlet q is

lost in turbulence due to the lack of a diffuser section

behind the spinner leads to the ccmclusion that the impact

pressure at the cowl entrance referred to

pressure must have been ().69qc+ 0.05qc =

as that without the spinner.

It sppears that about 0.~6qc becomes

free-stream static

o~7k%s or the same

unavailable, as far

as the internal pressure recovery is concerned, because of

the presence of the propeller ahead of’the cowling. Refer-

ence 7 shows that the nressure recovery of a model of a

similar cowling (with air flow) was 0.97q Witiilout the propeller,

0.57q with a model propeller hub, .and 0.62q with an operating

propeller ahead of the cowlin~.

As listed in table 3, the pressure recovery on the

front of the engine in full-power climb at 1~0 miles per

hour was ().58qcwith spinner and cuffs, 0.68qc with cuffs

only, and 0.67qc without cuffs or spinner. Recoveries in

climb at 155 miles per hour were the same or O.Glqc higher.

It is obvious from these data that the cuffs were ineffective
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in climb. The 10S”Sdue to the spinner was O..lOqco This

increased-loss is associated with the increase In lnlet-

velocity ratio In climb as compared with the

condition.

Typical pressure diatrlbutlons”ln climb

high-speed

are shown on

figure 4. It is noted that the highest pressures occurred

on the lower left side of the engine (cylinders 8 to 12) as

a result of high angle of attack, slipstream rotation,and the

right yaw of the airplane associated with the full-power

climb condition. This pressure gradient across the face of .

the engine is characteristic of the apen-nose .co.wling. .
..

VEben the inlet velocity was increased by use of the spinner,

the pressure dlstributim became more nearly uniform, as may

be seen in figure 14. The dumping losses previously noted,

however, reduced the general pressure level.

Typical distributions of the cyllnder-k~ead and barrel

temperatures are shown in figure 15 Y’or the

tlon, in figures 16 and 17 for two altitude

full-rich climb condition, and in.figure 18

high-speed condi-

ranges In the

for the autamatic-

rlch climb. Theq6 data have not been corrected to the same

cond!tiona, but runs made near the same altitude were

selected for each comparison. It appears from the”se

flgur~s ’that-variatlone ‘inmixke stren@h and other factors

from cyllnder to cylinder obscure the effect of variations

of cooling-air pressure drop around the engine. It is seen

.
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~~i~ ~ the temperature distributions are essentially simila~>

in’all cases. ccmlpal&on of figures 16 dnd”17 snows that
.

the d-istribution”becgrnesmore uneven’as the mixture ‘strength
.

increases witlnaltitude in the full-rich climb. ‘- “’.. .
. - Ground Cooling . ..

Time histories of representative temperatures obser”ved

du?ing the ground coolin~ runs are shown in fi~ures 19, 20,

and 21 for the cowling wit~lspinner an”dcuffs,”-with cuffs ,

only; aid without spinner or cuffs. /

‘In.no case with spi~er and cuffs did any of the te~pera-

tures becom.e,’critical?/hen corrected to Army Etandards.
..

however, the.oil-in tempei-ature did come within 1° of its
.’

limit of 185° ~.

“’In the tes’twith cuff’sonly, corrected

tem..eratures stayed below their Army limits
-.,.

respectively, but were.sli.ghtly higher than

cuff’condition. The rear spark-plug elbow

. .

of 500° and 335° 1?, ,

the spinner-and-

of cylinder

ntumb’er7j”whichwas the hottest elbow measured ‘throughout’the
●

ground PUZ;,ra~290 over i-tsArmy limit of 211.80 P 7 ziinutes
*

after cut-off.

Without cuffsor .spinngij the temperatures “ofheads and

bases wer;ewithin their liu~its,but were:noticeably higher ,
,“

than with. the o~her two modifications;
. .

spark-plug-elbow
,., ./

temperatures increased.’th20u&hout the run until a~,cut-off
-. .-1

they werea,lg0 F over their”.limit and went to 65° F, above the ‘ ,., ,.
., .

9 . -.
. .I ,’.
-,
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critical -temperature.8 mirnute.safter cut-off’:, Oil-in.,, J’”’ ....’.
.’ +.& .’ ‘.=,.-

temper~tures also showed a steady increase, passing their
.,

cyitical, when corrected; 7* minutes after the start of-the

run and going to 2~? F over,in 16 minutes, whic,h:Nas the

point of cut-off. The magn,eto.operated within its “limit
.

tl@ougLout the run.

“1

The large chan~e’.inair
-,

behind cylinder nu??ber 1, in
,.

., ?

temperatures ahea~ of and
,,

eacPLcase, shows that the air

“flow reverses direction after the engine is.,
/.
fact that in one case (fig. 21) the maximum

elbow exceeded even the rfiakimtmrea~ gasket
.)

st6pped. The

fror.tspark-plug’

temperature ‘
!“

7 ,minutes after cut-off is r.egarded’.asfurther evidende of
o

this forward air flow.

after cut-off in figures

had no apparent tendency
,.

engine.
.

,,

.

1

1

,,

.

,

Comparison of t~e air temperatures

19

to

and 2!)shows ,tb,atthe’spinner “
,

tra”pthe air in front of the
.,

>“

,.
.

I

I

I

I

$

1

I
>,

I
,,

,

I

I
i

I

1

!

I
1

.,



I . The cuf’fsalone improved the ground cooling, and the

1

I addition of’the spinner gave further Improvement. The effect

I of’the spinner was probably to prevent air leakage forward

along the propeller shaft.

Langley Memorial Aerunmtical Laboratory,
National Aavisary Committes for Aeronautics,

Langley Field, Va., November ~, 194.2.
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l/2-EB \ IQ .7; ;77 .78 .76 .78 .77 ,80 .77 ,7$ 78 I
‘:83 :83 :82 :84

8/4-2=.. .79 .78 ,78 .79 .80 .78
.77 .79 .78 .76

———–—––-– /-E/j %/ .80 .80 .7Q .#O .??/.8/ .80 .80 .80 ~
!.72 .73 .7/ .72_

g 3-EH .70 .70 .70 .69 .70
68 .69

.7o .74 .70 69 .7/ !
.67 .70

D

“5
L +-E/# k\ ,74 75 .,;: :;? :;: “7+ ’74 “73 :;; :;? I ‘j .$~ :~~ .~~

/-rh’
~ , I-IIY

6-L% ?Q .7’0 .70 .7/ ,72 .7o 1.66 :6+ .67 .6+
: ,,{ I-.(EH

7-.5,-, Q Q ,79 .78 .78 .78 .79 ,78 .79 .79 .78 .78 ~ ~:79 .79 .78 .8+
,9-EH $~~ .76 .75 .76 .76 .76 .76 .77 .75 .75 .75 I ! .74 .75 .74 .7.5

10’ ‘o 10-EH k \ * .76 .76 ,76 .76
/2-.EH4 q ,77 ;F7 .76 .76 .%

,77 ,78 .76 ;% ,75 I.76 .77 .7S
h ,75 !

~ .78 .76 .78 .77

:%-IB ~J$$
f;--:: .79 .’78 .77 .7~ .75’ .80 ,7? .78

‘ .88 .87 .82 .85
.78 I

.79 .7979 .77 .74J.79
;.73 .7-7.7’2.73_

.79 .78
Kl_,_R

3.-?-- .75 .75 .75 .76 .75 .76 .76 :79 .74 :7~ I I :$: ‘:? ,jg g:
Q +- 7/4 4 .75 .75 .75 .7+ .75 .76 .75 ,7+ .73 .75 ~,;$ :~~ :$: kg

$$ cy~ /701
6-THQQ ,747.74 .7+ .7+ .75 .75 .79 .7+ .72 .75

L\_. . .. .. . 7-T’ ~ ’76 .75 ’76 ’75 “76 :;$ ,;: % ;$ :;$9-Z? (q 30 .7q .74’,79 .80
~:76 :73 .72 .75

~b
10-TH QQ .80 ,79 .79 ,79 .79 .78 ..30 .78 80 .78

1.85 d’3 .82 .82
Q<

~7

.0 /2:;/k .,q8;57 .;; .76 ;;7 .;7 ;;$ ;77 .7: ,76
.8/ .80 .82 .82
.88 ,87 .82 .83

tt J-TH

‘-

‘a.8~ ,.~~ :$2 .% .80 .79 MO .79 :79 “7$
J@ .6L?_..63..6+..

Q~ J-EH2 TO :%’k &~ .77 . .77 .77 .77 .76 .75 .7+ .76
.72-- .72 .7~ .69

~~ 3-Eti=oi
‘W-&: % :% ?.. :% % ;:4 ;% ;% :;Z ;;;

;;7# .78 .75 ..73

u ‘lR 7773

.9D ,92

~q 3-EL9-o ~-j?..*$6 .77 .?78 .;$ .7; .;7’.72.;;; ;78 .77 ,;8
-54 .57 .56 :57
.80 .80 .80 XI

$? 3-EMo 3-A%? ;$~ +: .6G :6
+mi&wq

.5046 i7 ,S/

;g :;&%%+-EM.? .70 ,7/

~ Cy[ ~~ p
3-.EL92 .58 .68 38 .58 .59 58 .59 .58 .58 .58
,+-EB.2 .@ ,6/ ho 4/ ,@ 59 ..5’?.60 .S9 .6/

.3 I .3/ .32 .34
. . ... .

—2570 —
FULL i?lCH CLIMB
Wi/THOL/T SP?NNER

-.—
T42 -.42 -.40

735 -.37 -.40 -.36
-.40 -.44 - +3 -.40
..23 72+ -.29 -..2.2
-.23 -.25-.29 -.22
-.23 -.24 -..29-.27
..26 -.27-.28 -..28
.38 -.40 -.40 -.38
.38 -.40 -.42 -.38

.53 .50 .52
.38 .38 .38 .-#
.59 .63 .63 .69
.74 .78 .7+ .77
.74 .73 .70 .70
.84 .82 .79 .81
.84 ;8.:.;: ;;:

.74 .68 .68 70

.66 .65 .65 .67

.50 .50 49 .50

.64 .64 .67 .65

.68 .69 .6/ .67

.82 ;7’~ ;~y ;;~

.81 .78 .73 .78

.88 .87 .87 .87
~76___..7z__m..z
.68 .64 ,62 .66
.58 .6/ .60 .62
.65 .66 .65 .65
;$; ..;6 .$; .66

.74
.85 .80 .80

.84 .80 .76 .78

.69 .87 90 .87
..&!._ &?-&zC_&i
..6; 4iJ 6: .%

95 .94 .9/ :94
.52 .52 .53

.8+ .80 .77 .7~

~6,–:5y#-.% .%

.26 :26 :26 :29
.47 .S2 ,46 .52

I

i
,1
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u

Tub/e /@) #ress47e Dofu &eet 3’

~

3-T/1°
3-EH2 -o

3-EHW

J-.E8-o

3-ERZO

- 3+?
Cy[ X3

22-/
~
33/ 33/ 33/ 3s0 334
346 03.732.3 3/0 3dL
V23 /65+/S90 /527/#&t
28 23 23 /9 /3
.6/6 .s+ .57/.55.?.53A
565016750/7%0/8940/77&
928 900 877 840 8/6

. 26<
&?9 08%’ 36.8 353 3W

H/Gh
PRESSURE /iXT/~, /

;2.2 .22 .23 .22 .22
.2.2 .22 .23 .2z 22
.20 .20 ,.2/ .2/ 20
,25 .26 .26 .26 .26
.25 ...26 .26 .26 .25
,26 ..’26 .27 .26 ,26
,2’6 .26 ..27 .26. .26
.2$ ,~; .:4 & .23

“,72 ‘,72 “.7$ ,75 .%
.$$ ;$; .62 ,6/ .6Z

,7+ ,7..? .73
.74 .76 .78 .77 .77
.75 .75 .76 .76 ,76
;;7. ,7? .79 ,79 .78

.77 .77 ,77
.78 :79 .7-9 ,7L? ;;8

:80 :80 :8/ .80 .7=9
.68 .69 .69 .69 .70
.73 .7+ .75 ,73 .73
.’7/ .7.2 .72 ,72 .7Z
,77 .78 .78 .76 .78
,75 .76 .75 .7+ ,75
.76 .75 .76 .75 .75
.7?9 .77 ,78 .7; ;77

*$20
.80 :79 .79

~;$ “ZZ_ .76 ,79 .75
,76

.75 .75 ;;: ;: :g

.76 .76

.79 .7V .79 .79 .,30
.82 .78 .80 .79 .78

.76 .;5 .76 .77 .76

+%%-+&%-.%
,78 .75 .7-9 .78 .76

::/ ::2 ::2 ::2+2”
.7/ .72 .72 .72
.56 .56 .57 .56 .;6
57 .59 .6/ .59 .60—

22-Z ‘“
/ 2

329 .32’9 330 330 327 i-/v’ A/RsAX..D, w...
39 32.2? 3L9 3Q.3 29.?.. q< ,..
/T/6 /6.47 /&# /5/9 A?&9

~~ ~~==s. 2L228 .?6 23 2/ H- AK FREE. &/R, “F
.6/U .588 .*9 .3%? .529 AK &#J
59s /7850 /a50 “19/50 Zom

%%g~ ‘*~~~:_9/9 89/ 8ti #Q 793
3 I
‘3~7 xv ‘36.6- 3&? 339
SPEED
&

..2/-/.4--:-&~
/

/55 “/.5.. /.54 ‘. /53
/f.9 ./l.6 . /L Z... /16
42(W 8%% H- /%Z#
S2 49.. “3?- 23
930. %?4 8@ 760
398 j*&~03fiY .318

AYTd R/Cy CL/A’B
NO SPWNEi

‘.38 7.38 735 -36”
..33-..34-.3L -..33
.40 -40 -..36;38
.23 -.2/-.ZO -.23
..s -#Zf-,20-.20
.2Z “-,22-./8-.20
.25 -2+ -.22 -.ZW
..35-.34-.33-.34
..36-.36-.33 ;36
52 .- .56 .56
.+3 ,+3 +6 .+s
.67 .68 .7/:..70.
::7 .,7..;;: 2’7’

.75 :77 .8/ :78

.77 .75 .78 .76
,.6~ A; .70.,69

.6+ ;65 ‘.% %’
:$: .&s ;;
.60 .62 .,5 %j

.75 :76 :79 :75

.6g 4$ .7# ,7J

,72 .69 .74 :75
.66 .66..70 .70
.66 .64 .70 .69
.66 7=: ;;7..;$
.68
AZ .70 .76 .73

.7& .;:..;7’
.76
,76 .77 :80 :,$8
.75 .72 .76
.57 .56 .6/ .6/
;;: ..;6 .;$ $:

.79 .79 :8+ .8/

.53 .53 .57 .56

.7+ .76 :77“ .76

.74 .73 ..77 .75

.40 .+3 .+4 #+

.63 .64 .66 .63

.29 .33 .35 .33

.43 ..52 .56 .56

FU..L t?/CIY CLIIW

OR CUFFS

-.+5 -.U5 -.+0 -.*
-4/ -*I -,.36 -#/
..4.5 -.4.3- - .+0 -.46
-2?8. -.29 -.Z3 -i3/
:28 -.26 -,23 ,-.27
:28 -.26 -.2/ -.25
:32 -.30 7.23 -.27
-.44 - .4/ -,36 -.+/
-+3 -.43 -.38 -.4..
w .s2 .54 :53
Go .39 .45. .+1
.66 .71 .70. .46
,73 .74 ,79 .75
,70 .72 $?2-.7/
.75 .80 .82 .79
.81 .79 :84 .79
.?0 .73 .77 .74
;;: .:; .6J .57

+5 :5/ :53 :.54
.6/ .65 .47 %4
.59 .64 .63 .60
72 .77 .77 .77
.65 .67 .72 .7/
.69 .7/ .74 .7/
.78 .79 ,80 .82
.65 .67 .68 .66
.63 .64 .69 .6/
.6.3.67 .$; .&J
;:; .7@

.72 ,72 :68
...5 ;;7-;;:. .7/

.78
.73 ,75 .78 .78
.73 .76 .80 -80
.55 ,55 .63 .62
.6# .~~ .67 .66

.80 ;85 % :;:

.p4 .3-:.s4 .5/

.74 .77 “% %
;:-$ .:+ .;:; :::

.ZZ :27 .29 >/

.46 .50 .+8 +3
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r
Tab/e /# P%3-sPFP Dub i%eef f)

I
I

I

I

c <OWL

TEST NO.- FLT NO.
RUN NCI.

R5PEk D
&I;#~ ~NaoH6

ATM TEMP ‘F
c DENSITY RATIO
DtNS\TY ALT., FT.
BkP
RPM

pww.lm, IN H&

—

0-F51 O-FPI o-RF!> I ki

“JJ5 .b& .b4 .Is3 ,63
,bS .&4 .k4 .b3 .b~
64 .k3 .ka &a hi

.$; .;: .bq :bq b?
.11 IL .15

.b.3 ,64 .6% .ba. .61

.b5 .194 b?) .b3 La
,?0 .70
la ,?l. :ti :?1 t%

.(9’3 ,70 .b% .b% .bl
.65 ,b4 .b4 .L3 bX

.(35: ,L5 ,b3 b3 L

., %b .%4 .0s .%:
;;:

.%o

.%o

.0+

.&o

.5a
.11
.51
TJ

.q4
,ql
.’q ‘1
n-r
1.&

.6 q
.bq
.b~

.’3 i
;:;

,00
.%4
.bO
.54
.10
,51

~

,q a
.q4
q4

m-
;;;

.68

.bq

.i 1

.q s

.90

.%o

.93

.5%

.5-3

.6 ‘q
+

,q a
.q a
.q 4

+++-

.7 L

.bq

.bq

.b%

.’ii

.q 4

.1 q

.% o
;;;

.33

.b%

,i L
.95
.1 \
.1 q
.0a
.s 7
sa

,bl
jO .4q
51 .$5

.%a

.q 3

.q 4
++-

.bq

.69
.b9
.b%

,7a. .’7+ .15 ,13. ,72

ATIO P/o-. I
~–.

I. T- ,

.bk .k5’ .b5 .bS .b5 .5a sa .s4 .s4 ‘.5a .55 .Sa. .Sb
,65 .L4 b4 .b5 .b4 .5i .Sa .5a. .s3 .4s .53 .5a ,s3
.b5 .b3 .b~ .(JL .b3 ;:; s; .s7 ,5s. .5b ,55 .53 .SX
.7a .-Ii :-t: .;; .-i;
:~g !71

.bfl .l#5 .71 .b~ .bb .bq
.b? :b5 ,?0 .b5 .Ls .ISq .b% .bq

.b4 .b4 :L4 ;b4
.65 .64 .b4 .b4 .b3
.k3 ,La .ba .6a ,ba
‘?0 .Ii .bq .Ti .10

.kb .&6 .b4 .k5 .65

.64 .b4 .b4 .64 .LZ

b4 .b5 .b5 ,(J5
.;; :%b .05
.qi .qa .qa :qa :qi
q b .ql .qb .ql ,qS
.31 .01 .Si .qi .90
.Si ,03 .si ,xa .01
.s4 .%4 .01 .s4 .%3
.bO .LO -s0 .5’3 .5q
.s3 .55 .54 .s5 .53
:’ii ::0 ;Gq .11 .76

Sa .Si .5 L
:Clo .Slo :%%
,qi .qo ,sa :qx ;!a
.q4 94 .q4 .’qs .’3%

.’qb
*

,11
,7 ()
.-10
-b’?

.:~ ;94

.-13 .73

.Ii .Ii

.70 T-Ii

.70 .70

.70 .bq

.74 .73 .’T3 ,74 .74

I

.44 Si .Zi .s3 :4% .4q .4% .4 q
.bJ ::: :(D: .b~ .L3 .45

.5q .b5 :;b :tb
.47 :Si .54 :$2 .4s .50 .si ,5a
.bO .hO .b3 .b3 .kk ,b)O .fJ3 .lg4
.s3 .53 .53 ,(D% .50 .50 ,4q .53

.,

.4& ,50 .5a ,53 :45 ,4? 50 .49

.Lq :bq ,bq

.L3 :7; :Li :1: :;4 :t5 .L7 .k$

.5’i .55 .5-I .s$ so .sa .5i .sa

.5i ,53 ,5a .bO .53 .50 .4.q .50
sa .55 ,54 .s4 .Sa. .5a .5L .54

,,
.4$ 50 ,5+ ,53 44 ,5!i .50 .51

:qb ,S14
iqo3I.oa.1.00 :qk $.1b i.Ob i;04 lhi
Lozi L.Q4 i.oi .q k l.oq L 10 1.04 L04
.73 .Zk .83 .-I q .SS .%7 .%4 .%b
,-(q .33 ,%4 ,Iq ,01 .%7 .95 .%b
.9x .qa .aa ,’lq .qa .sq .Oa .Ob

..37 .30 .3b ,3k .+4 .3q .43 .~b
i,aa ,a5 .al ,~b ,30 .30 .a% .a7
;.b> .bi ,ka .Sb ,LS ,b5 .b4 ,bO

aa .33 ,a4 .aa ,30 A? .&s
-mrKm-d

i.oo :~ a :~ ‘1 :qi 1.0% .91 .~b :~4
4..00 1,03 L,ol ,q 4 1.14 LM .q q .q 0
i.oa. i.o% LOI ,1,.00 i. i% LL3. 4.03 1.07
LL3 Li3 Lbb 1.04 i.L4 l.li 1.0$

4
:L5 :Sb :53 :$; :kq :33 ::2 ’43
,57 .ba .ba sO .bl .3& .~q .4a
.55 .bi .L~ .Sb .bl .3X .3q .4%

,.-

l.~a .54 .5% .57 I.bl .3-I .4% .51
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LND. AI R5PEED, MPH
C& ~RE55 *LT

AV. FRCE” K1R>4F
AV.13HP
/AVp,MMANW. i+lEb!J

XP-+2
TAF)LE l(b) PRE55UR

TESf - NO.- FLT. Nt), W-1

c COWL 33k”” 3k 3A 3:0 3:0 3A
345

HGI q.;, w;. ,t.;b K:, .:jo ,:~, ,pp.;., ,:;4 &
ATM. TEI’4P “F.

10 Lib .5’+b Slb .sbO .54L .k03 .503 .5U) .540 ,5%q
F-r i5L50 lb100 17700 IWO 19bO0 LLSQO17300 !3500 1W50 11050

qa% Qoo v17 a4~ myh ~;q 077 853 mm qos

MANIF. PR. IN” HG 40.5 3q.O 37.b 3b.3 34.’7 3q.2 3%.0 3b,5 3S.0 30.b
. . Hlr. H SPEED H\Gkl SPEED

.’ P 17E55U.llE RAT\O n,

1-

A-TPi p .15 .1s’ ,1s .74 .-(s .74 .75 ‘.”,74 ,74 ,1s
-A $$ .Ib .14 .?+, 74 .14 .74 ,75 ,-L4 .14 .13

A-rs3
3 ao TOP

.10 .17 .1% .IL ,7b ,11 .7S .11 .70 .10
.4-7..s

/

A-w sa .si .s0 ,s0 .mo ,01 .Oi .00 s90 .mi
/t-T#\. ; =. -SIXWEy :Ib .71 .Tq .10 .?%

>~ ! ~~G/~~ A-TS; ~; ~~~~
J &.&/

J ,

.7q .00 .70 .’7q .%1
.73 .I13 .-13 .Ia .-r3 .-ta .75 .73 ,73 .73

4-TP(%< , ,,
.1+ .74 .14 .13 :13 .7+ .7s .14 .14 ,’14

3 %? .14 .13 .73 .1X .73 .73 ,Ta .7a .13 .13
/ ,~, .---, \\
1 !/ \\ \ “Lw ‘- ‘a to
1 II

/

:74 :-IS :73 :-14 :73 :-(4 ::3 :7: :73 ::5

~\ );, ,1S .7,3 .75 .7S ,1.S .Tb ,7S .14 .74 .7S’
# .._ ,/ i $2j R\W-r .15 .75 .75 .?5 .7S .?b .15 ,74 .14 ,!!5

W&.% -, ,*2.&4-ii?$

\

s ,1-0-- -SURVEY .15
4ff.s3+\ ---- :

.75 .7S ,~4 ,75 .Tb .15 .15 .74 .71m

/

,13 .73 .13 -.7a-,q3 ,Ia .Ia ,IX .7> .73

w OF -.

A-R3~ gg
.73 .74 .;3 .73 ,73 .73 .-13 .13 .-la. .73/ /<Bor70#f

&RRELS
.75 .75_ .-IS .?s ,T4 .’7+ .15

-OF LwRPE& A-iIP 1

t

.;4 .1s .7b .75 .714 Tm----ll-l ,-15 .1’7 .ns
;:; .7!5 .?7

survey A?ha??d of
.75 .IU .7L ,11 .qb .Ia .Tk

3 ~Kl .T’l .11 .15 ‘lb .“lb .75 .Tb .’11 .75

15?glhe
4 Z2 LEFT ,71 .,75 .Ik ,75 .~b .Ib .’15 .Ib .11 .7b
5 WI? ‘SURVEY ;;; .17 ,7% .7b .’l% .11 ,’lq .77 .7% .Ib

A-L5i <~

IOe

.15 .7s .74 ,73 .-(4 .’-ls .74 .75 ,-(4
,75 ,74 .qs -13 .74 .-(4 .T!j ,74 ;:: ,:3

; z? ,75 .-(5 .14 T+ .-is ,’74 .-(5 .14
0 FPi

.qa”:q: :’?~ .?2 ;q; ::$ :q4 k: .:: :4:

[&F$f$j$..” ~“fl!lp~ ~; ‘: “ 2: ‘q ‘“ “ :’ ‘:: ‘t
%2 sa .%x .SI .54 a-a .Oa .00 .mk .%i

.%5 .%5 .Sl$ ,$5 ,07 .05 .%5 ,05 .%4 .04

.Sq .5% .s9 .50 ,5’+ .Sq .S4 .Sq ,5q .5%
G O-Rpi W ~~A~ .54 .54 .54 .54 .5s .54 .ss .53 ..55 .540~FS3 ‘---o~~>~ ~~~

7 er
3 ~ ~ SURVEY ,70 .~o -~o .~; .;: ;~: ::0 1: ::0 10

5a

Ccvtwetor Scmp
C:PI .qi .q: .qo .8% .Sq .%q .Sq :0% 0 9

.q3 .qa .q3. .qi ,qa ,q3 .qx .Qa lq~ :q;
$ IMPACT illbta .qk .qS .q+ .~4 .q4 .qb .qs ,q4 .q4 .qb

gig :]

.ql .q% .qlI .qO .qb .q% .Q% .qb .q’l .qs

.ql q% .qT .q% .qb .q% .q% .q% .q% .q%
,1S .Ib .’l!j .75 .15 .1S .Ib ,74 .1.S .TS
.13 .74 .74 .13 .13 .74 .’ls .13 .74 .74

3 STATICTUBES .Ii .Ia .T3 .FIi .-IA .7a .73 ,7& .7x .73
.Ti .-la .qa .71 .II ,73 .73 .Ta .7a .13
.71 .Ii .ni .70 .71 .73 .73 .IIa .7i .7a

C.- TH IMPACT
PREss IN CAfm ,17 ,Ib .17 .?b .~b .Ib ,1’1 .T’l .1S ,,77——

,.,

.
.b3 .b5 .Lb .L1
.LL .& 5 .Lb .bl
.7a .70 .kq ,72
.k% .km .bT .bb
.13 bi,’a ;’3 .:; ;;:

.Lo 1:1 :L3 .(S,;

174 ,-ta :?3 :-Ire
.-1o .70 .12 .74
,L% .bb ,b& .La4
.-( 12-.71 .Ii. .Ia
.Lb .L7 .Lb .70
,bb .bl .b3 .bb
.bo .Lo .L3 .6a
.b’l .b5
.Tq :%kL
1% :03 ::3 .04
.15 .’74 lb ,na
.b9 .Lq .bq .k’3
.15 ;;? .7X ,73
.fB’a .bk .Ls
.~~ ,.~; “.LS .&b

i.osi.os Lao l,OC
i.is ii+ i.ia ii:
1.1’1 L14 Lia L..l?

.q5 .qo. .51 .01

.ql .~3 q!. ,qo

.45 ,4% ;:: ;::
,3i ,aq
,?i .b; .;5 bO
.av ,as

%4 7q
:q3 :qO :$5 :%b
A7 .ql .ql .30
L07 1.00 .q q .q 4
Lo? Loo ,q 7
.bb .47 .4L :%
4; .:: .~f .4-4

sbL :50 :2)q ::;
.bO .44 .35 .40

.bO .Sk ,43 .47

~as”lo -
FULL R\LH CL\rA15

ONLY

.ba .L4 .L4 .b5

.L14 ,~a .bb .b7

.b% .L% ,bS .b5

.6.4 .L3 ,bO .b5

.50 s: .LJ .:k:

.5q
,57 .5-7 :5’3 .5q
k4

:Tb :1? :;;
,70 ,73 .73 .Tb
.Lb .b5 .b’l .&b

.10 .-la .n3
.bl ,bb .b$ .61
.5% .Sq .5% L3
.57 .57 .55 .bO
+++&+-:+

;;: ,$q :’aq .ql
,73 .13 .74

.70 .bq ,6% .bl
,qa ,74 .14 ;73.
.b4 .L? .b3 .b5
.bt .Sq ;$0 ;~~

~oxl-x
i,aO La3 l-is I.i.b
i-a3 i.>a I.11 L.15

1.01 .q% .q 5 .~+
L.01 .q% .q4 .q b
,49 .47 .40 .43
.:: ;:: .:: ;?:

33 $% ‘a% .30

.Ii .:!s :73
.99 .819 .0s .03

8
L 3 .q’l .q4 ,%0
i, 1 ,qq .q4 .ql
.3~ .ao .a4 .31
.3q .13 .1% .a5
.41 .15 .!. % ,as
.30 .i4 .>i .a3
.3% .ib .ao .a3

.1$ .30 ,34
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Figure2.- Sideview ofairplanewith C cowl,spinner,and cuffs.



Figure 3.- Close-up ofcowlingwith spinnerand cuffs.
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Figure4.- Three-quarterfrontview ofairplanewith C cowl,cuffsonly.
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Figure7.- Close-upofcowlingwithoutspiimeror cuffs.
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